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Abstract 
 
The paper presents the discussion of the results of mechanical testing for aluminium foundry alloy AlSi5Cu1Mg for high-loaded machine 
elements. Values of yield strength (Rp0.2), tensile strength (Rm), elongation(A5) and hardness (HB) are usually considered as the primary 
quality assessment criterion for a manufacturing process. It was concluded, that this criterion, A5 index particularly, is unsatisfactory to 
estimate the plasticity of the alloy and its crack resistance in the presence of sharp-pointed stress concentrators or microcracks. More 
adequate parameter is plane strain fracture toughness KIc. However, size of the samples appeared to be twice as large as would be needed 
to fulfill requirements of test conditions, and the test itself is laborious and time-consuming that it becomes impractical as a acceptance 
test. Therefore, substitute test for quality assessment – determination of tensile strength in the presence of a sharp notch 
k
m R  was applied. 
The comparative analysis of 
k
m R /Rp0.2 ratio, as a more enhanced fatigue resistance criterion than 
k
m R  and plane strain fracture toughness 
KIc of the alloy was performed. It was assumed that 
k
m R /Rp0.2 parameter has good correlation with the critical stress intensity factor KIc  
Thus, under manufacturing process conditions, being unable to carry out KIc test, it may be successfully replaced by 
k
m R  test. 
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1. Introduction 
 
It was observed unexpected increase of interests in casting 
aluminium-silicon alloys since seventies of XX century, 
especially in hypereutectic alloys as constructional material for 
aircraft industry. Several factors had an influence on it – first of 
all very low density with proportionally high tensile strength, very 
good corrosion resistance and economic considerations –  low 
manufacturing costs caused by application of simple production 
process that is founding [1-6]. It was the cause of increasing 
research effort aiming at the improvement of the strength of alloy 
(mainly through modification of technological process). However 
the increase of alloy strength leads to decrease of its plastic 
properties, what in conjunction with casting defects (as 
interdendritic rarefactions or microstructure elements of 
disadvantageous features, sizes or morphology) is usually the 
reason of failure of the heavily loaded construction elements, 
especially under a risk of cracking or tearing [7-12]. Therefore 
additional criterion for alloy evaluation are necessary. The most 
adequate is the plane strain fracture toughness KIc, or in case of 
impossibility to make specimens of the size necessary to obtain 
satisfying tests results, sharp-notch tensile strength 
k
m R . This 
criterion defines the material’s ability to carry stress in the 
presence of stress concentrators –  both macroscopic casting 
defects (porosity and oxide films) and the microstructural 
discontinuities formed during  
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Fig.1. Microstructure of AlSi5Cu1Mg alloy 
 
 
 
crystallization, such as brittle particles, poorly coherent interfacial 
boundaries and regions of dislocation pile up [13-17]. 
The fundamental assumptions of sharp-notch strength test and 
findings evaluation are related to with shape factor αk. However it 
is  possible  to  obtain  the  same  values  of  shape  factor  αk  for 
different geometry of notches and shape of specimens. Each of 
these factors exerts an influence on test results, therefore the 
meaning of sharp-notch tensile strength 
k
m R  unlike in case of KIc 
is rather limited. Nevertheless the sharp-notch strength test 
provides comparative values and in connection with strict 
adherence to a standard ASTM E602 might be applied for control 
tests of quality for a lot of  grades of materials. In case of 
evaluation of quality of material for strong loaded constructional 
elements more severe criterion as 
k
m R /Rp02  ratio ought to be 
applied. Ability to plastic deformation in presence of stress 
concentration on the bottom of sharp notch reveals when sharp-
notch tensile strength considerably exceeds yield stress 
(
k
m R >Rp02). Whereas in opposite case (
k
m R <Rp02) the quasi-brittle 
crack forms almost without plastic strain. Therefore the criterion 
k
m R /Rp02 gives uniform assessment of alloys in respect of fracture 
toughness in presence of acute stress concentrators for many 
shapes of notches [18-20]. 
 
 
2. Description of the approach, work 
methodology, materials for research, 
assumptions, experiments etc. 
 
The investigation was conducted on hypoeutectic aluminium 
alloy AlSi5Cu1Mg (by ASTM C355.0) with compositions given 
in Table 1. The results represent ten different melts of the 
commercial alloy applied for turboblower compressor impellers 
production. 
 
Table 1.Chemical composition of EN AC-AlSi5Cu1Mg alloy  
Chemical 
element 
Si  Cu  Mg  Mn  Zn  Fe  Ti 
mass-%  5,5  1,5  0,5  <0,1  <0,3  <0,3  0,16 
 
The test casting (cylinders φ15 and 17 mm in length) were 
subjected to heat treatment T6: solution treatment at 798
±5 K for 
18 hours, quenching at 298 K water and artificial ageing at 428
±5 
K for 5 hours, followed by air cooling. As the result the 
microstructure consists of solid solution α(Al), eutectic mixture 
α+Si  in  interdendritic areas and intermetallic hardening phases 
Al2Cu and Mg2Si uniformly distributed (Fig.1). 
The tensile tests were performed on smooth cylindrical 
specimens (fig.2a) according to PN-EN 1002-1 and the sharp 
notch-strength tests (specimens –  fig.2a) according to ASTM 
E602 on a 100 kN capacity UTS machine. The standard compact 
tension specimens for fracture toughness tests was 85x85 mm 
with thickness of 34 mm – fig.2b. Plane strain fracture toughness 
testing was carried out using INSTRON 8801 machine. Test and 
data interpretation procedures followed ASTM E399. All the KIc 
values listed in this article satisfied the ASTM requirement for 
minimum specimens thickness, i.e. B≥2,5(KIc/Rp02)
2. 
The fracture surfaces of specimens after KIc  and 
k
m R   tests 
were studied using electron scaning microscope HITACHI 
S-3400N.  
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b) 
 
 
Fig. 2. The shape and size of specimens for: a) tension and notch 
tensile test b) plane strain fracture toughness test 
 
 
3. Description of achieved results of own 
researches 
 
The mechanical properties of AlSi5Cu1Mg alloy for 10 
different melts are shown in Table 2 (values are arithmetic 
average given from: Rp02, Rm and A5 – 10 tests, 
k
m R  – 6 tests and 
KIc  –  4 tests for each melt). The type I curves (according to 
ASTM E399) were obtained as the result of KIc  tests, fracture 
surfaces of KIc  specimens were flat –  type A (fig.3a), fracture 
surfaces of 
k
m R  specimens were also flat, dull and fine-grained 
(fig.3b). 
The analysis of mechanical properties was performed with 
reference to requirements for strong heavily constructional 
elements. Under this approach it was found that the melts number 
1, 5 and 10 (table 2) ought to be regarded as not complying with 
requirements (too high strength with too low plasticity). However 
the KIc and 
k
m R  values and especially 
k
m R /Rp02 ratio showed that 
despite inferior plastic properties given by elongation A5 
advantageous behavior of alloy in presence of stress concentrators 
both for static and alternating, complex loads might be expected. 
The relationships of 
k
m R  and ratio’s 
k
m R /Rp02 with KIc (fig.4-5) 
are described by: 
 
KIc = 9,62 + 0,05 
k
m R ,    r = 0,988   (1) 
KIc = 3,74 + 17,61 
k
m R /Rp02,    r = 0,988   (2) 
 
It was obtained linear dependences with high values of 
correlation coefficients. 
 
4. Conclusions 
 
It was found, on the basis of tests results analysis, that both 
the sharp-notch tensile strength and 
k
m R /Rp02 factor have a very 
good correlation with the plane strain fracture toughness KIc. So 
KIc test might be replaced by 
k
m R  test when it is impossible to 
make specimens from casting of appropriate size to perform valid 
KIc test, however first of all 
k
m R /Rp02 ratio ought to be considered. 
Obviously it does not indicate disregarding the meaning of 
elongation factor A5, but the sharp-notch tensile strength 
k
m R  and 
its relationship with yield stress Rp02  are considerably stronger 
criterion of ductility assessment of materials, especially important 
for alloy behaviour under critical conditions in complex state of 
stress and in presence of stress concentrators. 
 
 
 
 
Table 2. Results of tensile properties and plane strain fracture touhgness of AlSi5Cu1Mg alloy 
No of melt  
 
Mechanical properties 
Rp02, 
MPa 
Rm, 
MPa 
A5, 
% 
k
m R , 
MPa 
k
m R /Rp02 
KIc, 
MPa m  
1  228 (17,02)  299 (15,12)  1,75 (1,8)  243 (17,84)  1,07  22,70 (0,64) 
2  239 (17,44)  324 (10,65)  2,42 (1,64)  280 (16,99)  1,17  24,01 (0,41) 
3  242 (18,7)  330 (18)  3,72 (1,54)  288 (17,23)  1,19  24,40 (0,39) 
4  250 (17,09)  346 (24,18)  4,25 (1,26)  318 (16,55)  1,27  26,50 (0,38) 
5  233 (17,05)  324 (21,07)  1,99 (1,55)  254 (16,95)  1,09  23,12 (0,56) 
6  233 (16,89)  322 (18,44)  2,01 (1,22)  247 (16,44)  1,06  22,49 (0,43)  
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7  237 (19,02)  329 (23,17)  2,25 (1,3)  261 (17,56)  1,10  23,10 (0,52) 
8  245 (18,22)  339 (25,12)  3,85 (1,88)  301 (17,49)  1,23  25,46 (0,61) 
9  244 (15,32)  336 (11,35)  3,67 (1,01)  295 (16,01)  1,21  24,93 (0,44) 
10  231 (17,88)  320 (26,01)  1,98 (1,81)  240 (17,99)  1,04  22,05 (0.61) 
Standard deviations are listed in parentheses 
 
 
a) 
 
 
 
b) 
 
 
 
 
Fig. 3. The fracture surfaces of specimens after tests: a) KIc, b) 
k
m R  
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Fig.4. Plane strain fracture toughness KIc of AlSi5Cu1Mg alloy as 
function of sharp-notch tensile strength 
k
m R  
 
 
Fig.5. Plane strain fracture toughness KIc of AlSi5Cu1Mg alloy as 
function of 
k
m R /Rp02 ratio 
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